It is increasingly acknowledged that current plans to implement sustainability are not achieving the scale and speed of change required. National built environment strategies to address sustainability tend to focus on large-scale programmes in areas such as renewable energy and energy efficiency. While this approach can improve national environmental indicators such as carbon emissions profiles; it appears unlikely to achieve sustainability. This paper argues that more comprehensive, and more local, approaches are required. Interventions at a neighbourhood level should be developed that enable day-to-day living patterns to become more sustainable over time. A key element of this are built environment characteristics and facilities which support sustainability. In this paper these are referred to as 'Neighbourhood Facilities for Sustainability'.
Introduction
National policy and plans for the built environment may choose to address sustainability through national programmes on energy efficiency and renewable energy [1] [2] [3] . While the approach may affect national carbon emissions profiles, key social, economic and environmental problems and unsustainable patterns of day-to-day living remain. In addition, renewable energy and energy efficiency interventions based on expensive foreign technology divert scarce resources from programmes that could address environmental, social and economic problems such as pollution, poor education, ill-health and unemployment.
This paper argues that energy efficiency and renewable energy systems must be one strand of a more comprehensive strategy to implement sustainability. It proposes an alternative approach to implementing sustainability which focuses on the concept of Neighbourhood Facilities for Sustainability. These local facilities aim to enable households and communities to improve their quality of living in ways that also reduce environment impacts and carbon emissions. In particular, these facilities and the associated technology aim to influence day-today living patterns and behaviours to support sustainability. The approach therefore aims to ensure that both technical and behavioural sustainability, as defined by Williams [4] , exists.
In order to develop the concept of Neighbourhood Facilities for Sustainability, sustainability definitions are analysed from first principles to understand the key implications of the concept for the built environment. These implications are extrapolated to describe neighbourhood facilities that could be created to support, and enable, sustainability. The paper critically reviews the concept of Neighbourhood Facilities for Sustainability and makes recommendations for further research.
Defining sustainability
There are a wide variety of definitions for sustainability. While many of these are vague and therefore difficult to implement, others include quantitative targets that can be aimed for [5] . A definition of sustainability that is particularly relevant to the built environment has been developed by the World Wildlife Fund.
This describes sustainability in human communities as the achievement of above 0.8 on the Human Development Index (HDI) and the achievement of an Ecological Footprint (EF) below 1.8 global hectares per person [6] . In this paper this is referred to as the EF-HDI definition.
Human Development Index
The United Nations developed the Human Development Index as a quality of life measure [7] . The measure is based on:
• A long healthy life, measured by life expectancy at birth; The Human Development Index is the average of three dimensional indexes:
An Ecological Footprint is the amount of biologically productive land and sea required to provide the resources a human population consumes, as well as the resource required to absorb corresponding waste. It is based on consumption of resources and production of waste and emissions in the following areas: The area of biologically productive land and sea for each of these areas is calculated in global hectares (gha) and then added together to provide an overall ecological footprint [8] . This measure is particularly useful as it enables the impact of infrastructure and lifestyles to be measured in relation to the earth's carrying capacity of 1.8 global hectares (gha) per person.
Neighbourhood Facilities for Sustainability (NFS)
Neighbourhood Facilities for Sustainability can be derived from this definition of sustainability by ascertaining the built environment characteristics for each of the EF-HDI sustainability criteria such as Food, Mobility etc. These in turn, can be used to propose neighbourhood facilities that would embody these characteristics. This is illustrated in table 1. 
This process has also been used to develop a tool for assessing sustainability in neighbourhoods termed the Built Environment Sustainability Tool (BEST) [9] .
Neighbour case study
The neighbourhood selected to apply the concept of Neighbourhood Facilities for Sustainability is an area of Atteridgeville, a suburb of Pretoria in South Africa (latitude -25.7733, longitude 28.0713). As illustrated in figure 1 , housing consists of self-built informal dwellings organised within in a loosely planned grid. The local municipality has not been able to keep up with the growth of these settlements and service infrastructure is basic and consists of a water supply (brought in by tankers) and some graded roads. Street lighting, storm water drainage, piped water, electricity, parks, schools, and conventional health, sports, leisure and retail facilities do not exist within the neighbourhood.
There are however small 'spazas' (stalls) that sell some essential groceries, areas of 'scraped ground' which are used for football matches, local taxis that can be hired to transport goods and people, local recyclers that gather paper, metal and plastic waste and some small household vegetable gardens. Wilson [10] and Baud [11] note that these informal systems have many advantages in terms of sustainability and this is reflected in the type of facilities proposed later in the paper. The neighbourhood is typical of many rapidly developing informal settlements in Africa. Area with indicative neighbourhood facilities for sustainability.
Discussion
While a number of facilities that may support local sustainability can identified, many questions remain. What infrastructure will be required to establish these facilities? Where would the capital for these facilities come from? Who would own these facilities and how would they be run? These are complex questions that are not easily answered. However some ideas can be explored.
An efficient way of establishing these facilities is to cluster and combine as many compatible functions together so that capital and operation costs can be shared and therefore reduced. This results in two main facilities; a water, food and mobility facility and energy, business and learning facility.
Water, Food and Mobility Facility (WAFOMO)
A food, water mobility facility would be located near the lowest point of the neighbourhood where rainwater could be drained to and stored. This would be used to irrigate vegetable and fruit gardens (indicated as 'WAFOMO' on figure 1) An allotment arrangement for gardens could be used to there was equitable access to these gardens by households within the neighbourhood and that costs of maintenance and irrigation could be shared to make this affordable. A food market could be located adjacent to these gardens where produce, as well as other food, could be sold. Finally, a system of non-motorised transport could be used to transport excess produce to other markets and bring back food and goods from other areas to the neighbourhood. This would enable low cost transportation, create local employment and avoid ever-increasing costs and emissions associated with motorised transport.
Capital costs for the WAFAMO facility could be minimised by drawing on community labour. For instance, excavating rainwater tanks and allotment plot preparation could be carried out by hand. On-going costs would be covered by an annual allotment plot rental fee which would be collected and administered by an elected committee. A small fee would be levied on the transportation of goods to pay porters.
Energy, Business and Learning Facility (ENBULE)
Initially the business, energy and learning facility could consist of a single classroom-type space (indicated as 'ENBULE' in figure 1 ). This would have computers and reprographic equipment on one side and a working area with tables and chairs on the other. The facility would be tightly scheduled and open for long hours to ensure that all members of the neighbourhood were able to access this if they wanted to. Computers and reprographics would be available to support local business and e-commerce as well adult and children learners. The primary purpose for the working area would be for classes and for children to do homework. This facility would thus enable small businesses and learners to access information and data from the internet and have a lit, comfortable space for working which may not available at home. Energy could be generated through a photovoltaic system on the roof which would power lighting and computers. This energy could also be used to charge small appliances such as mobile phone, radios and lights, to enable non-electrified households to use these at home.
The capital cost of the ENBULE facility is likely to be substantial and this could be raised in a range of ways. One way would be for members of the neighbourhood to form an association and raise funding with annual fees and fund raising events. Another way would be to structure a long term agreement with a company to develop and run this facility. The agreement would require the private company to provide access at low cost to this facility for the majority of the time while allowing the company to provide additional services, such as such as classes and reprographic services, where profit could be generated. In South Africa substantial funding is available for classes and training from Sector Education Training Authorities (SETAs) and this could be drawn on to enhance the financial viability of the project for a private investor. On-going costs of the facility could be made be made sustainable and affordable through monthly membership fees for access to the facility. With enough members and long operational hours, the facility could be well used and monthly costs could be kept low.
The Neighbourhood Facilities for Sustainability model is attractive as it enables communities to improve education, employment and health levels as well as local social cohesion and proactively build local sustainability without having to rely on external parties such as government and NGOs [12, 13] . Increased social capital has a range of benefits including reduced transactional costs and increased sharing and trust [14, 15] . It also serves to reduce the negative impacts associated with social exclusion such as underachievement in education and the job market, low incomes, ill-health and crime [16] .
NFS facilities also have relatively low capital and operational costs which should make them affordable for communities, particularly, as some members would be employed and others are able to access grants and pensions provided by the government. The key advantage of the model is that any income received by the community can be effectively recycled within the community by ensuring that most day-to-day requirements such as food, energy, water, mobility and learning are provided locally [17] .
The facilities however rely heavily on effective organisational structures which are able to mobilise and engage community members in developing and running these facilities. This may be problematic where households are highly fragmented and transient. In addition, the type of infrastructure required for these facilities includes buildings, water tanks and gardens, which may require planning permission from a local authority. This can be complex process and for many communities, assistance and partnerships will be required [18] .
It is important to note that the creation of these facilities may not necessarily mean that they will be supported, or change local behaviours [4] . The likelihood of this however may be reduced by the requirement within this model for communities to develop the facilities themselves rather than for these to be provided by external parties such as government. The complexity of community interaction and individual behaviour in relation to collective action problems (CAPs) however must be acknowledged [19] .
Conclusion and recommendations
An exploration of how sustainability can be developed at local neighbourhood level provides interesting and useful results. The concept of Neighbourhood Facilities for Sustainability appears to offer a way that communities can proactively begin to address local sustainability without relying on government programmes. The concept is particularly attractive as it ensures that local living standards and, in particular, levels of education, health and income, can be improved ways without significant environmental impacts.
It is recommended that further research be carried out in the Neighbourhood Facility for Sustainability model in order to develop processes that can be piloted with communities. Monitoring of these pilots would determine the extent to which neighbourhood facilities affected local behaviour and improved sustainability performance. Further research in this area is necessary, as government will not be able create the scale and type of change required by themselves, and communities need to actively develop their own sustainable systems at a local level.
